

Attorney Docket No. 2658-0274 



MULT I -MODE STEREOSCOPIC IMAGE DISPLAY METHOD AND APPARATUS 



This is a continuation-in-part application of Appl . 
No. 09/618,447 filed on July 18, 2000 the entire contents 
of which are hereby incorporated by reference, and for 
which priority is claimed under 35 U.S.C.§ 120; and this 
application claims priority of Application No. P99-29143 
filed in KOREA on July 19, 1999 under 35 U.S.C. § 119. 



device, and more particularly to a multi-mode stereoscopic 
image display method and apparatus wherein a plane picture 
and a stereoscopic picture can be displayed on a single 
display device. 

Description of the Related Art 

[0002] Generally, a display device is classified into a 
plane picture display device for displaying an image 
obtained by photographing an object using a single camera 
and a stereoscopic picture display device for combining 
two images obtained by photographing an object using two 
cameras positioned at different angles with respect to 
the same object to display an image. 

[0003] The plane picture display device permits an 
observer to view a plane picture without a cubic effect 



RELATED APPLICATIONS 



BACKGROUND OF THE INVENTION 



Field of the Invention 



[0001] 



The present invention relates to a display 
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because an identical picture is simultaneously incident to 
a left -eye and a right -eye of an observer. 

[0004] On the other hand, the stereoscopic picture 
display device displays a picture being incident to the 
left-eye of an observer, hereinafter referred to as "left- 
eye picture" and a picture being incident to the right-eye 
of an observer, hereinafter referred to as "right-eye 
picture", on a screen at the same time. The observer feels 
a cubic effect because he observes a picture displayed on 
the stereoscopic picture display device in a state in 
which the left-eye picture is combined with the right -eye 
picture. Such a stereoscopic picture display device 
includes a system that requires glasses for viewing and a 
system that does not require glasses for viewing. 

[0005] Referring to Fig. 1, a stereoscopic picture 
display device requiring glasses includes first and 
second cameras 2a and 2b for photographing an object at a 
different angle, a display unit 14 for separating color 
signals of an image received from the first and second 
cameras 2a and 2b, and glasses 6 to be worn by an 
observer. 

[0006] The first camera 2a photographs an object into 
red(rl) , green(gl) and blue(bl) color images, and sends a 
video signal corresponding to the red color rl to the 
display unit 14 . The second camera 2b photographs an 
object into red(r2), green(g2) and blue(b2) color images 
at an angle different from the first camera 2a, and sends 
a video signal corresponding to the green color g2 and the 
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blue color b2 to the display unit 14. 

[0007] The display unit 14 displays a color picture 
using the red(rl), green(g2) and blue(b2) video signals 
received from the first and second cameras 2a and 2b. The 
glasses 6 include a left-eye lens and a right-eye lens. 
The left-eye lens is comprised of a red filter passing 
only a red color while the right-eye lens is comprised of 
a cyan filter passing only green and blue colors. 

[0008] Since an observer views a red picture 
photographed by the first camera 2a via the red filter and 
green and blue pictures photographed by the second camera 
2b via the cyan filter at the same time by his left and 
right eyes, respectively, he observes the same object at a 
different angle by his left and right eyes. Accordingly, 
the observer recognizes a picture displayed on the display 
unit 14 as a stereoscopic picture because the left-eye 
picture is combined with the right -eye picture in his head 

[0009] Meanwhile, the glasses 6 may be comprised of a 
single color filter other than the red filter and a 
complementary color filter or the single color filter. For 
example, the glasses 6 may consists of a green filter and 
a magenta filter, or a blue filter and a yellow filter. 

[0010] However, the stereoscopic picture display device 
shown in Fig. 1 not only causes an observer an 
inconvenience in that he must wear glasses, but also it 
has a problem in that it is difficult to display and 
observe a stereoscopic picture having the original color 
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of an object . 

[0011] Fig. 2 and Fig. 3 illustrate a conventional 
stereoscopic display device that does not require glasses 

[0012] Referring to Fig. 2, the stereoscopic display 
device includes a display unit for displaying images from 
first and second cameras (not shown) alternately in a 
pixel unit, and a parallax barrier 22 opposed to a display 
screen of the display unit 24 . 

[0013] The display device 24 receives video signals 
from the first and second cameras photographing an object 
at a different angle. A first pixel PI and a second pixel 
P2 of the display unit 24 are arranged in such a manner to 
be alternated with each other. A video signal inputted 
from the first camera is displayed on the first pixel PI 
while a video signal inputted from the second camera is 
displayed on the second pixel P2 . Herein, the first and 
second pixels PI and P2 display a picture by three initial 
colors including red, green and blue sub-pixel cells, 
unlike the display unit 14 of Fig. 1. 

[0014] The parallax barrier 22 is arranged in such a 
manner to interact with the first and second pixels PI 
and P2 of the display unit 24, and includes an opaque 
filter 22a and transparent filters 22L and 22R that are 
alternated with each other. The opaque filter 22a and the 
transparent filters 22L and 22R provided at the parallax 
barrier 22 may be arranged in a stripe shape or in a 
mosaic shape. In the adjacent transparent filters 22L and 
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22R, the first transparent filter 22L, positioned at the 
left side, transmits light inputted from the first pixel 
PI toward the left -eye EL of an observer. The second 
transparent filter 22R transmits light inputted from the 
second pixel P2 into the right -eye ER of an observer. The 
opaque filter 22a arranged between the first and second 
transparent filters 22L and 22R shuts off light inputted 
from the first pixel PI and then progressed into the 
right-eye ER of an observer, and shuts off light inputted 
from the second pixel P2 and then progressed into the 
left -eye EL of an observer. 

[0015] Since the right-eye picture and the left-eye 
picture are separated by the parallax barrier 22 in this 
manner, an observer views only a picture at the first 
pixel PI via his left -eye EL, and only a picture at the 
second pixel P2 at his right -eye ER. Accordingly, the 
observer views a picture photographed at different angles 
at the same time via his left-eye EL and his right-eye ER, 
so that he recognizes a picture displayed on the display 
unit 24 as a stereoscopic picture. 

[0016] However, the stereoscopic picture display device 
shown in Fig. 2 has a deterioration in brightness caused 
by the opaque filter 22a. Furthermore, brightness 
deterioration becomes worse because the number and the 
density of the opaque filter 22a are increased for 
implementation of a wider viewing angle. 

[0017] In order to overcome brightness deterioration of 
such a parallax barrier 22, there has been suggested a 
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stereoscopic picture display device employing a color 
barrier in which the opaque filter 22a does not exist. 

[0018] Referring to Fig. 3, the stereoscopic picture 
display device employing a color barrier includes first 
and second cameras 32a and 32b for photographing an object 
at different angles, an image signal converter 36 for 
converting images inputted from the first and second 
cameras 32a and 32b into a stereoscopic image format to 
send the same to a display unit 34, and a color barrier 38 
opposed to the display screen of the display unit 34. 

[0019] The image signal converter 36 combines video 
signals received from the first and second cameras 32a and 
32b such that the video signals inputted from the first 
and cameras 32a and 32b are arranged alternately, to 
thereby convert them into a stereoscopic picture format. 

[0020] A mixed image signal from the image signal 
converter 36 is inputted to the display unit 34. Each of 
the first and second pixels PI and P2 of the display unit 
34 includes red, green and blue sub-pixel cells. A red 
video signal rl from the first camera 32a and green and 
blue video signals g2 and b2 from the second camera 34a 
are displayed on the first pixel PI of the display unit 34. 
On the other hand, a red video signal r2 from the second 
camera 32b and green and blue video signals gl and bl from 
the first camera 32a are displayed on the second pixel P2 
of the display unit 34. 

[0021] The color barrier 38 includes red filters 38R1 
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and 38R2 and a cyan filter, which interact with the first 
and second pixels PI and P2 and are alternated with each 
other. The first red filter 38R1 positioned at the left 
side of the adjacent red filters 3 8R1 and 3 8R2, transmits 
a red light rl inputted from the first pixel PI toward the 
left -eye of an observer while shutting off light having 
other wavelength bands. On the other hand, the second red 
filter 38R2 positioned at the right side transmits red 
light r2 inputted from the second pixel P2 toward the 
right-eye of an observer while shutting off light having 
other wavelength bands. The cyan filter 38C arranged 
between the first and second red filters 38R1 and 38R2 
shuts off red light, and transmits green and blue lights 
g2 and b2 inputted from the first pixel PI toward a right - 
eye ER of an observer while transmitting green and blue 
lights gl and bl toward the left-eye EL of an observer. 

[0022] In the meantime, the color barrier 38 may be 
comprised of a green filter and a magenta filter, or a 
blue filter or a yellow filter rather than a red filter 
and a cyan filter. 

[0023] Since the right-eye picture and the left-eye 
picture are separated by the color barrier 38 in this 
manner, an observer views only a picture at the first 
pixel PI via his left-eye EL and only a picture at the 
second pixel P2 at his right -eye ER. Accordingly, the 
observer views a picture photographed at different angles 
at the same time via his left-eye EL and his right-eye ER, 
so that he recognizes a picture displayed on the display 
unit 34 as a stereoscopic picture. 
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[0024] Such a conventional stereoscopic picture display- 
device has a problem in that, since all images are 
displayed by a stereoscopic picture independently of a 
kind of picture and a user's selection, they have more 
deterioration in definition than a plane picture upon 

displaying text information or a stationary picture. 

i . 
Accordingly, there is a need for a stereoscopic picture 

display device that is capable of selectively displaying a 

plane picture and a stereoscopic picture depending based 

upon a user's selection of the kind of picture desired. 

SUMMARY OF THE INVENTION 

[0025] Accordingly, it is an object of the present 
invention to provide a multi-mode stereoscopic image 
display method and apparatus wherein a plane picture and a 
stereoscopic picture can be displayed by a single display 
unit . 

[0026] In order to achieve these and other objects of 
the invention, a method of displaying a mult i -mode 
stereoscopic image according to one aspect of the present 
invention includes the steps of displaying video signals 
obtained by photographing an object at different angles 
on a display unit; generating a mode signal for assigning 
a stereoscopic mode or a plane mode; separating a picture 
displayed on the display unit into a left-eye picture and 
a right -eye picture being incident to the left eye and the 
right eye of an observer in the stereoscopic mode; and 
transmitting the picture displayed on the display unit 
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toward the observer "as it is" in the plane mode. 

[0027] A multi-mode stereoscopic image displaying 
apparatus according to another aspect of the present 
invention includes an image signal converter for combining 
video signals obtained by photographing an object at a 
different angle; a light source for generating light; a 
display device for taking advantage of light inputted 
from the light source to display the video signals 
received from the image signal converter; and a variable 
color barrier for separating a picture on the display 
device into a left-eye picture and a right-eye picture in 
response to first and second voltages set to a different 
voltage level in a stereoscopic mode while transmitting 
said picture on the display device (without change) in 
response to a third voltage other than said first and 
second voltage in a plane mode, said barrier being opposed 
to the display device and having adjacent pixels 
alternated with each other in such a manner to have a 
complementary color relationship. 

[0028] In the multi-mode stereoscopic image display 
apparatus, the variable color barrier is arranged at the 
front side of the display device. 

[0029] Otherwise, the variable color barrier is 
arranged between the light source and the display device. 

[0030] Herein, the variable color barrier is a liquid 
crystal display panel adopting any one of an electrically 
controlled birefringence (ECB) mode and a guest-host (GH) 
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mode . 

[0031] The multi-mode stereoscopic image display 
apparatus further includes a mode conversion controller 
for receiving a user instruction and generating a mode 
signal for assigning the stereoscopic mode or the plane 
mode in accordance with the user instruction; a voltage 
source for generating said first to third voltages; and a 
switch connected between the variable color barrier and 
the voltage source to apply said first to third voltages 
to the variable color barrier in response to the mode 
signal . 

[0032] A multi-mode stereoscopic image displaying 
apparatus according to still another aspect of the present 
invention includes an image signal converter for combining 
video signals obtained by photographing an object at 
different angles; a light source for generating light; a 
display device for taking advantage of light inputted 
from the light source to display the video signals 
received from the image signal converter; a color barrier 
having adjacent pixels alternated with each other in such 
a manner to have a complementary color relationship; and a 
light-scattering device, being arranged between the 
display device, for transmitting an incident light 
without change, in response to a first voltage in a 
stereoscopic mode and scattering said incident light in 
response to a second voltage other than said first voltage 
in a plane mode . 

[0033] In the multi-mode stereoscopic image display 
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apparatus, the light- scattering device includes a polymer- 
dispersed liquid crystal (PDLC) . 

[0034] The multi-mode stereoscopic image display 
apparatus further includes a mode conversion controller 
for receiving a user instruction and generating a mode 
signal for assigning the stereoscopic mode or the plane 
mode in accordance with the user instruction; a voltage 
source for generating said first and second voltages; and 
a switch connected between the variable color barrier and 
the voltage source to apply said first and second voltages 
to the variable color barrier in response to the mode 
signal . 

[0035] These and other objects of the present 
invention will become more readily apparent from the 
detailed description given hereinafter. However, it 
should be understood that the detailed description and 
specific examples, while indicating preferred embodiments 
of the invention, are given by way of illustration only, 
since various changes and modifications within the spirit 
and scope of the invention will become apparent to those 
skilled in the art . 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0036] The present invention will become more fully 
understood from the detailed description given hereinbelow 
and the accompanying drawings which are given by way of 
illustration only, and thus are not limitative of the 
present invention and wherein: 
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[0037] Fig. 1 is a schematic block diagram showing the 
configuration of a conventional stereoscopic image display- 
device employing glasses; 

[0038] Fig. 2 is a schematic view showing the 
configuration of a conventional stereoscopic image display- 
device with no glasses; 

[003 9] Fig. 3 is a view for explaining another example 
of the conventional stereoscopic image display device with 
no glasses; 

[0040] Fig. 4 is a graph for explaining a change in a 
wavelength transmitted in accordance with a voltage 
applied to a liquid crystal; 

[0041] Fig. 5 is a graph showing a wavelength to 
transmittance characteristic according to a voltage of an 
ECB liquid crystal cell; 

[0042] Fig. 6 is a schematic block diagram showing the 
configuration of a multi-mode stereoscopic image display 
device according to an embodiment of the present 
invention; 

[0043] Fig. 7A and Fig. 7B illustrates another 
embodiments of the variable color barrier shown in Fig. 6; 
[0044] Fig. 8A depicts a plane mode operation of the 
mult i -mode stereoscopic picture display device shown in 
Fig. 6; 

[0045] Fig. 8B depicts a stereoscopic mode operation of 
the multi-mode stereoscopic picture display device shown 
in Fig. 6; 

[0046] Fig. 9 is a detailed section view of the 
variable color barrier and the display unit shown in Fig. 
6; 

[0047] Fig. 10 is a schematic block diagram showing the 
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configuration of a mult i -mode stereoscopic image display 
device according to a second embodiment of the present 
invention; 

[0048] Fig. 11A depicts a plane mode operation of the 
multi-mode stereoscopic picture display device shown in 
Fig. 10; 

[0049] Fig. 11B depicts a stereoscopic mode operation 
of the multi-mode stereoscopic picture display device 
shown in Fig. 10; 

[0050] Fig. 12 is a schematic block diagram showing the 
configuration of a multi-mode stereoscopic image display 
device according to a third embodiment of the present 
invention; and 

[0051] Fig. 13 is a schematic block diagram showing the 
configuration of a multi-mode stereoscopic image display 
device according to a fourth embodiment of the present 
invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0052] Figs. 4 shows a change in a wavelength 
transmitted from a liquid crystal cell in accordance with 
a voltage applied to the liquid crystal cell. For instance, 
the liquid crystal cell transmits a white light W when it 
is supplied with a voltage of 2.2V, whereas it shuts off 
all wavelength bands of light when it is supplied with a 
voltage of 2.28V, thereby displaying black BK. Further, 
the liquid crystal cell mainly transmits a light G with a 
green wavelength band when it is supplied with a voltage 
of 2.32V, whereas it mainly transmits a light R with a 
green wavelength band when it is supplied with a voltage 
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of 2.35V. A liquid crystal mode having a light wavelength 
modulated in accordance with a supply voltage in this 
manner includes an electrically controlled birefringence 
(ECB) mode or a guest -host (GH) mode, etc. 

[0053] The ECB liquid crystal mode is a mode taking 
advantage of a complex-refraction characteristic of a 
liquid crystal, which changes a phase difference in 
accordance with a voltage application. As a result, the 
ECB liquid crystal mode changes a transmittance in 
accordance with a wavelength. A phase difference 5 of the 
ECB liquid crystal mode can be expressed by the following 
equation: 

5 = 27tdAnA 

... (1) 

[0054] wherein d represents a cell gap; An represents a 
refractive index difference; and X represents a wavelength 
Fig. 5 shows a transmittance characteristic of the ECB 
liquid crystal mode depending on a voltage. 

[0055] The GH liquid crystal mode means that dichroic 
dyes are dissolved in a liquid crystal. The dichroic dyes 
are guest molecules of the GH mode, which has a property 
referred to as "guest-host interaction", that is, liable 
to be arranged in accordance with a director of a liquid 
crystal. The dichroic dyes are re-arranged in accordance 
with a director of a liquid crystal with the aid of an 
electric field applied to the liquid crystal cell owing to 
the guest -host interaction. The re-arranged dichroic dyes 
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absorb more of a specific wavelength of light in 
accordance with a polarization direction of a light. 
Accordingly, the liquid crystal in the GH mode has a 
property modulating a wavelength of a light depending on 
an arrangement state of the dichroic dyes. 

[0056] As a result, the multi-mode stereoscopic picture 
display strategy according to the embodiment of the 
present invention takes advantages of a liquid crystal 
property modulating a wavelength of a light depending on 
an applied voltage, to thereby display both the plane 
picture and the stereoscopic picture. 

[0057] Referring to Fig. 6, there is shown a multi-mode 
stereoscopic picture display device according to a first 
embodiment of the present invention. The multi-mode 
stereoscopic picture display device includes first and 
second cameras 52a and 52b for photographing an object at 
a different angle, an image signal converter 56 for 
converting images inputted from the first and second 
cameras 52a and 52b into a stereoscopic image format to 
send the same to a display unit 54, a variable color 
barrier 58 opposed to the display screen of the display 
unit 54, a mode conversion controller 50 connected to the 
display unit 54 and a user interface (not shown) , and 
first and second switches 60a and 60b for applying 
different voltages V0, VI and V2 to the variable color 
barrier 58 depending on whether there is a plane mode or a 
stereoscopic mode under control of the mode conversion 
controller 50. 
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[0058] The image signal converter 56 mixes a video 
signal received from the first camera 52a with a video 
signal received from the second camera 52b, and sends the 
mixed signal to the display unit 54. 

[0059] The display unit 54 displays the mixed image 
signal inputted from the image signal converter 56. Each 
of the first and second pixels PI and P2 of the display 
unit 54 includes red, green and blue sub-pixel cells. A 
red video signal rl from the first camera 52a and green 
and blue video signals g2 and b2 from the second camera 
52b are displayed on the first pixel PI of the display 
unit 54. On the other hand, a red video signal r2 from the 
second camera 52b and green and blue video signals gl and 
bl from the first camera 52a are displayed on the second 
pixel P2 of the display unit 54. The display unit 54 can 
be implemented with a self -emitting device such as a 
cathode ray tube (CRT) , an electro-luminescence (EL) 
device or a plasma display panel (PDP) . Alternatively, the 
display unit 54 may be implemented with a passively 
emitting device such as a liquid crystal display (LCD) 
requiring a backlight. 

[0060] The variable color barrier 58 includes first 
variable filters 58L1 and 58R1 and second variable filters 
58L2 and 58R2 that are alternated with each other. The 
first and second variable filters 58L1, 58R1, 58L2 and 
58R2 are supplied with different voltages depending on a 
plane mode or a stereoscopic mode. In the plane mode, the 
first and second variable filters 58L1, 58R1, 58L2 and 
58R2 transmit all wavelength bands of lights inputted from 



16 



Attorney Docket No. 2658-0274 



the first and second pixels PI and P2 of the display unit 
54 toward an observer. In the stereoscopic mode, the first 
variable filters 58L1 and 58R1 transmit only red lights rl 
and r2 inputted from the first and second pixels PI and P2 
toward an observer while shutting off light with other 
wavelength bands. In other words, the first variable 
filters 58L1 and 58R1 serve as red filters in the 
stereoscopic mode. On the other hand, the second variable 
filters 58L2 and 58R2 transmit green light gl and g2 and 
blue light bl and b2 inputted from the first and second 
pixels PI and P2 toward an observer in the stereoscopic 
mode. In other words, the second variable filters 5 8L2 and 
58R2 serve as a cyan filter in the stereoscopic mode. A 
distance between the display unit 54 and the variable 
color barrier 58 and the sizes of variable filters 58L1, 
58R1, 58L2 and 58R2 is appropriately established in 
consideration of a distance between an observer and the 
variable color barrier 58 such that a red light rl from 
the first pixel PI and a green light gl and a blue light 
bl from the second pixel P2 are incident to the left -eye 
EL of an observer while a red light r2 from the second 
pixel P2 and a green light g2 and a blue light b2 from the 
first pixel PI are incident to the right -eye ER of an 
observer. Accordingly, an observer recognizes an image 
photographed by the first camera 52a through his left-eye 
EL and an image photographed by the second camera 52b 
through his right -eye ER, so that he can view an object in 
a stereoscopic manner. 

I 

[0061] As a result, in the variable color barrier 58, 
1 all the filter areas serve as transparent windows in the 
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plane mode while two alternate and adjacent filter areas 
serve as complementary color filters for transmitting 
lights having a mutually complementary color relationship 
in the stereoscopic mode. The first and second variable 
filters 58L1, 58R1, 58L2 and 58R2 of the variable color 
barrier 58 consist of variable filters changed into a red 
filter and a cyan filter, but they may consist of a green 
filter and a magenta filter, or a blue filter or a yellow 
filter. 

[0062] Fig. 7A is an example wherein the first and 
second variable filters 58L1, 58R1, 58L2 and 58R2 consist 
of a green filter G and a magenta filter M, whereas Fig. 
7B represents a case where the first and second variable 
filters 58L1, 58R1, 58L2 and 58R2 consist of a blue filter 
B and a yellow filter Y. A detailed description as to an 
operation for each mode of the variable color barrier 58 
will be made later in conjunction with Fig. 8A and Fig. 8B. 

[0063] The mode conversion controller 50 is connected 
to a user interface such as a remote controller or an on- 
screen display to control the first and second switches 
60a and 60b in accordance with a mode conversion command 
inputted from a user or a picture information inputted 
from the display unit 54. 

[0064] The first switch 60a includes a reference 
contact connected to the first variable color filters 58L1 
and 58R1 of the variable color barrier 58, and two 
selection contacts connected to a plane mode voltage 
source V0 and a first stereoscopic mode voltage source VI. 
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In the plane mode, the first switch 60a applies a plane 
mode voltage V0 to the first variable color filters 58L1 
and 58R1 of the variable color barrier 58 under control of 
the mode conversion controller 50. In the stereoscopic 
mode, the first switch 60a applies a first stereoscopic 
mode voltage VI to the first variable color filters 58L1 
and 58R1 of the variable color barrier 58 under control of 
the mode conversion controller 50. 

[0065] The second switch 60b includes a reference 
contact connected to the second variable color filters 
58L2 and 58R2 of the variable color barrier 58, and two 
selection contacts connected to a plane mode voltage 
source V0 and a second stereoscopic mode voltage source V2 
In the plane mode, the second switch 60b applies a plane 
mode voltage V0 to the second variable color filters 58L2 
and 58R2 of the variable color barrier 58 under control of 
the mode conversion controller 50 in a manner similar to 
the first switch 60a. In the stereoscopic mode, the second 
switch 60b applies a second stereoscopic mode voltage V2 
to the second variable color filters 58L2 and 58R2 of the 
variable color barrier 58 under control of the mode 
conversion controller 50. 

[0066] Referring to Fig. 8A, in the plane mode, a plane 
mode voltage V0 is applied to the first and second 
variable filters 58L1, 58R1, 58L2 and 58R2 of the variable 
color barrier 58. Then, light emitted from the first and 
second pixels PI and P2 of the display unit 54 is 
progressed to an observer "as is" without being 
separated into the left-eye EL and the right-eye ER of an 
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observer. Accordingly, images photographed by the first 
and second cameras 52a and 52b are incident to the left- 
eye EL and the right -eye ER of an observer in a mixed 
state in the plane mode, so that an observer recognizes a 
picture displayed on the display unit 54 as a plane 
picture. Herein, a plane mode voltage V0 can be set to a 
voltage for allowing the liquid crystal cell to transmit 
white light as shown in Fig. 4, i.e., 2.2V. The plane mode 
voltage VO may have a different voltage level depending on 
a type of liquid crystal. 

[0067] Referring to Fig. 8B, in the stereoscopic mode, 
a first stereoscopic mode voltage VI is applied to the 
first variable filters 58L1 and 58R1 of the variable color 
barrier 58 by a switching of the first switch 60a. At the 
same time, in the stereoscopic mode, a second stereoscopic 
mode voltage V2 is applied to the second variable filters 
58L2 and 58R2 of the variable color barrier 58 by a 
switching of the second switch 60b. Herein, the first 
stereoscopic mode voltage VI can be set to a voltage for 
allowing the liquid crystal cell to transmit red light as 
shown in Fig. 4, i.e., 2.35V. The second stereoscopic mode 
voltage V2 can be set to a voltage for allowing the liquid 
crystal cell to transmit cyan light as shown in Fig. 4, 
i.e., a voltage between 2.28V and 2.32V. The first and 
second stereoscopic mode voltages VI and V2 have different 
voltage levels depending on a type of liquid crystal. 
Accordingly, the first and second variable filters 58L1, 
58R1, 58L2 and 58R2 of the variable color barrier 58 
respond to the stereoscopic mode voltages VI and V2, 
thereby separating light emitted from the first and second 
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pixels PI and P2 into the left -eye EL and the right -eye ER 
of an observer such that an image photographed by the 
first camera 52a is incident to the left-eye EL of an 
observer and an image photographed by the second camera 
52b is incident to the right-eye ER of an observer. In 
other words, in the stereoscopic mode, the left filter 
58L1 of the first variable filters opposite the first 
pixel PI of the display unit 54 transmits a red light rl 
from the first pixel PI toward the left-eye EL of an 
observer while shutting off light having other wavelength 
bands. The right filter 58R1 of the first variable filters 
opposite the second pixel P2 of the display unit 54 
transmits red light r2 from the second pixel P2 toward 
the right-eye ER of an observer while shutting off light 
having other wavelength bands. Further, the left filter 
58L2 of the second variable filters transmits green right 
gl and blue light bl from the second pixel P2 toward the 
left -eye EL of an observer while shutting off red light 
rl from the first pixel PI. The right filter 58R2 of the 
second variable filters transmits green right g2 and 
blue light b2 from the first pixel PI toward the right -eye 
ER of an observer while shutting off red light r2 from 
the second pixel P2 . Accordingly, an observer 
simultaneously views an object at a different angle 
through his left-eye EL and his right-eye ER in the 
stereoscopic mode, so that he recognizes a picture 
displayed on the display unit 54 as a stereoscopic picture. 
In other words, the left -eye EL of an observer views an 
object at an angle of the first camera 52a while the 
right -eye ER of an observer views an object at an angle of 
the second camera 52b. 
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[0068] Fig. 9 illustrates detailed structures of the 
variable color barrier 58 and the display unit 54. 

[0069] Referring now to Fig. 9, the variable color 
barrier 58 and the display unit 54 include liquid crystal 
display panels 86 and 84, respectively, having a liquid 
crystal injected between two glass substrates, each of 
which are provided with an electrode for applying a 
voltage signal to the liquid crystal. A liquid crystal 
having a different transmission wavelength band depending 
on an applied voltage, for example, an ECB mode or GH mode 
liquid crystal, is injected into the liquid crystal 
display panel 86 of the variable color barrier 58. The 
liquid crystal display panel 86 of the variable color 
barrier 58 and the liquid crystal display panel 84 of the 
display unit 54 have polarizers 82a and 82b; 88a and 88b 
are attached to the front side and the rear side thereof, 
respectively. The liquid crystal display panel 86 of the 
variable color barrier 58 and the liquid crystal display 
panel 84 of the display unit 54 are spaced by an 
appropriate distance d from each other so that an observer 
can separately view left-eye and right-eye picture 
information. Further, the polarizers 82b and 88a in which 
the variable color barrier 58 is opposite to the display 
unit 54 may be shared by a single polarizer depending 
upon a design of the polarizer 88b of the variable color 
barrier 58, the liquid crystal display panel 86, the 
polarizer 82a of the display unit 54 and the liquid 
crystal display panel 84. 
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[0070] Referring to Fig. 10, there is shown a multi- 
mode stereoscopic picture display device according to a 
second embodiment of the present invention. The mult i -mode 
stereoscopic picture display device includes first and 
second cameras 92a and 92b for photographing an object at 
different angles, a variable color barrier 98 for 
modulating a wavelength of a light inputted from a 
backlight unit 90 in accordance with an applied voltage, a 
display unit 94 using of light received from the 
variable color barrier 98 to display a picture, an image 
signal converter 96 for converting images inputted from 
the first and second cameras 92a and 92b to a display unit 
94, a mode conversion controller 70 connected to the 
display unit 94 and a user interface (not shown) , and 
first and second switches 720a and 72b for applying 
different voltages V0, VI and V2 to the variable color 
barrier 98 depending on a plane mode or a stereoscopic 
mode under control of the mode conversion controller 70. 

[0071] The variable color barrier 98 includes first 
variable filters 98R and second variable filters 98C that 
are alternated with each other. The first and second 
variable filters 98R and 98C are supplied with different 
voltages depending on a plane mode or a stereoscopic mode. 
In the plane mode, the first and second variable filters 
98R and 98C transmit all wavelength bands of lights 
inputted from the backlight unit 90 toward an observer. In 
the stereoscopic mode, the first variable filters 98R 
transmit only a red wavelength band of light from a white 
light inputted from the backlight unit 90 toward an 
observer while shutting off lights other wavelength bands. 
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On the other hand, the second variable filters 98C 
transmit light with green and blue wavelength bands, that 
is, a cyan light from a white light inputted from the 
backlight unit 90 in the stereoscopic mode. 

[0072] A distance between the display unit 94 and the 
variable color barrier 98 is appropriately established in 
consideration of a distance between an observer and the 
variable color barrier 58 such that a red light rl from 
the first pixel PI and a green light gl and a blue light 
bl from the second pixel P2 are incident to the left-eye 
EL of an observer while a red light r2 from the second 
pixel P2 and a green light g2 and a blue light b2 from the 
first pixel PI are incident to the right-eye ER of an 
observer. Accordingly, an observer recognizes an image 
photographed by the first camera 52a through his left -eye 
EL and an image photographed by the second camera 52b 
through his right-eye ER, so that he can view an object in 
a stereoscopic manner. 

[0073] The first and second variable filters 98R and 
98C of the variable color barrier 98 may consist of 
filters having a mutual complementary color relation other 
than the red filter and the cyan filter, for example, a 
green filter and a magenta filter, or a blue filter and a 
yellow filter. 

[0074] The image signal converter 96 mixes a video 
signal received from the first camera 92a with a video 
signal received from the second camera 92b, and sends the 
mixed signal to the display unit 94. 
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[0075] The display unit 94 displays the mixed image 
signal inputted from the image signal converter 96. Each 
of the first and second pixels PI and P2 of the display 
unit 94 includes red, green and blue sub-pixel cells. A 
red video signal rl from the first camera 92a and green 
and blue video signals g2 and b2 from the second camera 
92b are displayed on the first pixel PI of the display 
unit 94. On the other hand, a red video signal r2 from the 
second camera 92b and green and blue video signals gl and 
bl from the first camera 92a are displayed on the second 
pixel P2 of the display unit 94. The display unit 94 can 
be implemented with a transmission- type display device 
such as a transmission- type liquid crystal display. 

[0076] The mode conversion controller 70 is connected 
to a user interface such as a remote controller or an on- 
screen display to control the first and second switches 
72a and 72b in accordance with a mode conversion command 
inputted from a user or a picture information inputted 
from the display unit 94. 

[0077] The first switch 72a includes a reference 
contact connected to the first variable color filters 98R 
of the variable color barrier 98, and two selection 
contacts connected to a plane mode voltage source VO and a 
first stereoscopic mode voltage source VI. In the plane 
mode, the first switch 72a applies a plane mode voltage V0 
to the first variable color filters 98R of the variable 
color barrier 98 under control of the mode conversion 
controller 70. In the stereoscopic mode, the first switch 
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72a applies a first stereoscopic mode voltage VI to the 
first variable color filters 98R of the variable color 
barrier 98 under control of the mode conversion controller 
70. 

[0078] The second switch 72b includes a reference 
contact connected to the second variable color filters 98C 
of the variable color barrier 98, and two selection 
contacts connected to a plane mode voltage source V0 and a 
second stereoscopic mode voltage source V2 . In the plane 
mode, the second switch 72b applies a plane mode voltage 
V0 to the second variable color filters 98C of the 
variable color barrier 98 under control of the mode 
conversion controller 70 in a manner similar to the first 
switch 72a. In the stereoscopic mode, the second switch 
72b applies a second stereoscopic mode voltage V2 to the 
second variable color filters 98C of the variable color 
barrier 98 under control of the mode conversion controller 
70. 

[0079] Fig. 11A represents a plane mode of the multi- 
mode stereoscopic picture display device according to the 
second embodiment of the present invention, and Fig. 11B 
represents a stereoscopic mode of the multi-mode 
stereoscopic picture display device according to the 
second embodiment of the present invention. 

[0080] Referring to Fig. 11A and Fig. 11B, when the 
backlight unit 90 of the mult i -mode stereoscopic picture 
display device is turned on, it generates a white light , 
irrespective of a plane mode or a stereoscopic mode. The 
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backlight unit 90 includes a cold cathode lamp, a 
reflective mirror for generating a white light in the 
shape of a linear light source, a light guide for 
converting a light inputted from the cold cathode lamp and 
the reflective mirror into the shape of a surface light 
source, and optical sheets, such as a prism sheet and a 
diffusion sheet, etc., provided at the light guide to 
provide uniform light efficiency and light distribution. 
The backlight unit 90 may consist of a plurality of light 
emitting diodes (LED's) arranged in the shape of a surface 
emission . 

[0081] The variable color barrier 98 is supplied with a 
plane mode voltage V0 in the plane mode while it is 
supplied with first and second stereoscopic mode voltages 
VI and V2, selectively applied to each adjacent filter 
thereof in the stereoscopic mode. 

[0082] In the plane mode, the variable color barrier 98 
transmits white light from the backlight unit 90 (as it 
is) toward the display unit as shown in Fig. 11A. In the 
stereoscopic mode, the variable color barrier 98 responds 
to each of the first and second stereoscopic mode voltages 
VI and V2 to thereby convert a white light inputted from 
the backlight unit 98 into lights having a mutual 
complementary color relationship, for example, a red light 
R and a cyan light C via each of adjacent variable filters. 
These converted lights are incident to the display unit 94. 

[0083] In the plane mode, the display unit 94 uses 
white light inputted via the variable color barrier 98 to 
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display a picture, thereby displaying a plane picture. On 
the other hand, in the stereoscopic mode, a red video 
signal rl from the first camera 92a and green and blue 
video signals g2 and b2 from the second camera 92b are 
applied to any one of two adjacent pixels of the display 
unit 94 while a red video signal r2 from the second camera 
92b and green and blue video signals gl and bl from the 
first camera 92a is applied to the other one, as can be 
seen from Fig. 10 and Fig. 11B. When the video signals are 
being applied to the display unit 94, lights having a 
mutual complementary color relationship are incident, via 
the variable color barrier 98, to the two adjacent pixels 
of the display unit 94 as shown in Fig. 10. Further, a 
left-eye picture and a right-eye picture displayed on the 
two adjacent pixels of the display unit 94 are incident to 
the left-eye EL and the right-eye ER of an observer. 
Accordingly, an observer simultaneously views the left -eye 
picture and the right -eye picture photographed at 
different angles and displayed on the adjacent pixels, so 
that he recognizes a picture displayed on the display unit 
94 as a stereoscopic picture. 

[0084] Fig. 12 shows a multi-mode stereoscopic picture 
display device according to a third embodiment of the 
present invention. In Fig. 12, elements being 
substantially identical to those of the multi-mode 
stereoscopic picture display device shown in Fig. 6 are 
given by the same reference numerals, and a detailed 
description of these elements will be omitted. 

[0085] Referring to Fig. 12, the multi-mode 
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stereoscopic picture display device includes a display 
unit 114 for displaying an image signal, a variable light- 
scattering device 110 for transmitting or scattering 
light inputted from the display unit 114, a color barrier 
112 for discriminating a wavelength of a light inputted 
from the variable light-scattering device 110, a mode 
conversion controller 100 and a switch 116 for controlling 
the variable light -scattering device 110 for each mode. 

[0086] Signals obtained from two cameras 92a and 92b 
having photographed an object at different angles are 
inputted to two adjacent pixels of the display unit 114 
and mixed by the image signal converter 96. The display 
unit 114 can be implemented with a self -emitting device or 
a passively emitting device. 

[0087] The variable light-scattering device 110 changes 
a scattering characteristic of light inputted from the 
display unit 114 in accordance with an applied voltage 
level. It is desirable that the variable light-scattering 
device 110 consist of a polymer dispersed liquid crystal 
(PDLC) display device capable of changing a scattering 
characteristic of a light beam in accordance with an 
applied voltage. 

[0088] The PDLC includes a solid-state polymer medium 
and a liquid crystal material isolated in a droplet shape 
within the medium. A director of the liquid crystal 
droplet has an arrangement changed in accordance with an 
applied voltage. The solid-state polymer is usually 
selected such that its refractive index is similar to a 
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normal refractive index n 0 of a liquid crystal. In this 
case, if an electric field the liquid crystal droplet is 
placed in, then each liquid crystal droplet assumes a 
random arrangement state, and causes a large refractive 
index difference between the liquid crystal isolated 
within the liquid crystal droplet and the polymer medium. 
Then, a light being incident to the surface of the liquid 
crystal droplet is scattered. Otherwise, each liquid 
crystal droplet assumes an arrangement state parallel to 
the electric field to have a refractive index almost 
similar to the refractive indices of the liquid crystal 
and the polymer medium. Accordingly, if an electric field 
is applied to the liquid crystal droplet, then a light 
incident to the surface of the liquid crystal droplet is 
transmitted as it is. 

[0089] The color barrier 112 includes red filters 112R1 
and 112R2 and a cyan filter 112C that are alternated with 
each other. 

[0090] The mode conversion controller 100 is connected 
to a user interface such as a remote controller or an on- 
screen display to control the switch 116 in accordance 
with a mode conversion command inputted from a user or 
picture information inputted from the display unit 114. 

[0091] The switch 116 includes a reference contact 
connected to the variable light-scattering device 110, and 
two selection contacts connected to a plane mode voltage 
source V0 and a first stereoscopic mode voltage source VI. 
Under control of the mode conversion controller 100, the 
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switch 116 applies a plane mode voltage V0 to the variable 
light-scattering device 110 in the plane mode while 
applying a stereoscopic mode voltage VI to the variable 
light-scattering device 110 in the stereoscopic mode. 

[0092] In the plane mode, a plane mode voltage V0 is 
applied to the variable light-scattering device 110. Then, 
a light being incident, from the display unit 114, to the 
variable light-scattering device 110 is scattered as 
indicated by a dotted arrow, and thereafter is incident to 
the color barrier 112. As a result, a light having passed 
the color barrier 112 is scattered without being separated 
into a left-eye picture and a right -eye picture, so that 
an observer recognizes a picture displayed on the display 
unit 114 as a plane picture. 

[0093] In the stereoscopic mode, a stereoscopic mode 
voltage VI is applied to the variable light-scattering 
device 110. Then, a light being incident from the display 
unit 114 to the variable light-scattering device 110, 
transmits the variable light-scattering device 110 as 
indicated by a solid line arrow. At this time, the first 
red filter 112R1 of the color barrier 112 transmits a red 
light rl inputted from the first pixel PI of the display 
unit 114 toward the left-eye EL of an observer while 
shutting off lights with other wavelength bands. The 
second red filter 112R2 being adjacent to the right side 
of the first red filter 112R1 transmits a red light r2 
inputted from the second pixel P2 of the display unit 114 
toward the right-eye ER of an observer while shutting off 
light with other wavelength bands. The cyan filter 112C 
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arranged between the first and second red filters 112R1 
and 112R2 of the color barrier 112 shuts off a red light, 
and transmits green and blue lights g2 and b2 inputted 
from the first pixel PI toward the right-eye ER of an 
observer while transmitting green and blue lights gl and 
bl inputted from the second pixel P2 toward the left-eye 
EL of an observer. As a result, an observer simultaneously 
views an image photographed by the first camera 92a 
through his left -eye EL and an image photographed by the 
second camera 92b through his right -eye ER, so that he 
recognizes a picture displayed on the display unit 114 as 
a stereoscopic picture. 

[0094] Fig. 13 shows a multi-mode stereoscopic picture 
display device according to a fourth embodiment of the 
present invention. In Fig. 13, elements being 
substantially identical to those of the multi-mode 
stereoscopic picture display device shown in Fig. 6 are 
given by the same reference numerals, and a detailed 
description as to these elements will be omitted. 

[0095] Referring to Fig. 13, the multi-mode 
stereoscopic picture display device includes a backlight 
unit 127 for generating a white light W, a color barrier 
123 for receiving the white light W from the backlight 
unit 127, a display unit 125 for displaying an image 
signal, a variable light-scattering device 121 provided 
between the color barrier 123 and the display unit 125, 
and a mode conversion controller 122 and a switch 124 for 
controlling the variable light-scattering device 121 for 
each mode . 
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[0096] The color barrier 123 includes red filters 123R1 
and 123R2 and a cyan filter 123C that are alternated with 
each other. 

[0097] A white light W from the backlight unit 127 is 
incident to the color barrier 123. The first red filter 
123R1 of the color barrier 123 transmits a red light 
inputted from the backlight unit 127 toward the variable 
light-scattering device 121 while shutting off lights with 
other wavelength 1 bands. The cyan filter 123C alternated 
with the color barrier 123 shuts off only a red light 
while transmitting green and blue lights inputted from the 
backlight unit 127 toward the variable light -scattering 
device 121. 

[0098] The variable light-scattering device 121 
transmits a light inputted from the color barrier 123 
without change in the stereoscopic mode while scattering a 
light inputted from the color barrier 123 in the plane 
mode . 

[0099] Signals obtained from two cameras 92a and 92b 
having photographed an object at different angles are 
inputted to two adjacent pixels of the display unit 125 
with being mixed by the image signal converter 96. 

[00100] The mode conversion controller 122 controls the 
switch 124 in accordance with a mode conversion command 
inputted from a user or picture information inputted from 
the display unit 125, or in accordance with a user 
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instruction. 

[00101] The switch 124 includes a reference contact 
connected to the variable light -scattering device 121, and 
two selection contacts connected to a plane mode voltage 
source V0 and a first stereoscopic mode voltage source VI. 
Under control of the mode conversion controller 122, the 
switch 124 applies a plane mode voltage V0 to the variable 
light-scattering device 121 in the plane mode while 
applying a stereoscopic mode voltage VI to the variable 
light -scattering device 121 in the stereoscopic mode. 

[00102] In the plane mode, a plane mode voltage V0 is 
applied to the variable light-scattering device 121. Then, 
a light having transmitting the variable light-scattering 
device 121 is scattered as indicated by a dotted arrow and 
thereafter is incident to the display unit 125. As a 
result, a light having reached the display unit 125 is 
scattered without being separated into a left-eye picture 
and a right -eye picture, so that an observer recognizes a 
picture displayed on the display unit 114 as a plane 
picture . 

[00103] In the stereoscopic mode, a stereoscopic mode 
voltage VI is applied to the variable light-scattering 
device 121. Then, a light having transmitted the variable 
light-scattering device 121 is progressed as indicated by 
a solid line arrow to be incident to the display unit 125. 
As a result, an observer simultaneously views an image 
photographed by the first camera 92a through his left-eye 
EL and an image photographed by the second camera 92b 
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through his right -eye ER, so that he recognizes a picture 
displayed on the display unit 114 as a stereoscopic 
picture . 

[00104] As described above, the multi-mode stereoscopic 
picture display device according to the present invention 
can display the plane picture and the stereoscopic picture 
depending upon a type of picture or a user's selection. 

[00105] Although the present invention has been 
explained by the embodiments shown in the drawings 
described above, it should be understood to the ordinary 
skilled person in the art that the invention is not 
limited to the embodiments, but rather that various 
changes or modifications thereof are possible without 
departing from the spirit of the invention. For instance, 
it should be understood that a stereoscopic image and a 
plane picture could be simultaneously displayed within a 
single field without modifying a configuration of the 
multi-mode stereoscopic picture display device according 
to the present invention. 

[00106] Accordingly, the scope of the invention shall be 
determined only by the appended claims and their 
equivalents . 
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